THE HARDENING  OF PORTLAND  CEMENTS
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tins difference is easily understood. Through, the combination of a
large number of cement molecules to form a combined molecule
the strength of the bonds of the alumina in the ungranulated slags
is greatly reduced.

On the other hand, it appears as if the combination of several
silicate molecules, to form a single large one, weakens the bond in the
pentites ; otherwise, no explanation can be given for ungranulated
slags giving up 4 to 5 times as much silica to sodium carbonate solution
as do granulated slags.

(c) A New Theory of Hardening

Various theories of hardening are stated briefly in the Bibli-
ography.*05* None of them are entirely satisfactory, hence the need
for a fresh hypothesis based on the hexite-pentite theory.

In the following formulae is shown the composition of various
hydrated hexites, derived from one which is capable of taking up
hydroxyl progressively, i.e. at different intervals of time :
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The conversion of a into 6, b into c, c into d, and so on, is accom-
panied by an increase in the volume of the molecules concerned, so
that the molecular volume of b is greater than that of a ; that of c is
greater than that of &, and the compound g has the largest molecular
volume of the whole series.

In converting the compound a into 5, b into c, and so on, the
separate molecules in each group take up definite positions relative
to each other, so that between 6, c, d, e, etc., definite attractive, or
more correctly molecular, forces are bound to exist.

Assuming the molecules to be in the form of minute spheres, the
last statement may be expressed graphically by the following diagrams :
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Each addition to the molecule of water in the form of hydroxyl
groups,305b with a corresponding increase in the size of the molecule, is
termed a hydration phase. It is clear that any substance which is sub-
mitted to a sufficient number of hydration phases must set and harden,
because with the increase in the molecular volume the space between
the various molecules must diminish and their mutual attraction or
molecular force must correspondingly increase. Hence, every substance